In spite of significant applications as starting materials for a variety of metallocorrole derivatives, free-base β-octabromo-meso-triarylcorroles continue to be viewed as inaccessible. The reasons range from the need for tedious column-chromatographic purification to limitations of the reductive demetallation protocol for selected systems. Here we report that column chromatography may be entirely avoided for a number of β-octabromomeso-tris(p-X-phenyl)corrole derivatives, where X = CF 3 , NO 2 , F, H, CH 3 , and OCH 3 ; instead, analytically pure products may be obtained by recrystallization from chloroform/methanol. In addition, we have presented an optimized synthesis of the heretofore inaccessible, sterically hindered ligand β-octabromo-meso-tris(2,6-dichlorophenyl)corrole, H 3 [Br 8 TDCPC], via reductive demetallation of the corresponding Mn(III) complex. With our earlier report of β-octabromo-meso-tris(pentafluorophenyl)corrole, H 3 [Br 8 TPFPC], a comprehensive set of optimized synthetic protocols are thus in place for a good number of β-octabromo-meso-triarylcorrole ligands. Furthermore, we have illustrated the use of these ligands by synthesizing the iron complexes Fe[Br 8 TDCPC]Cl and Fe[Br 8 TDCPC](py) 2 , of which the latter lent itself to single-crystal X-ray structure determination.
Introduction
Over a decade has elapsed since copper β-octabromo-meso-tris(p-Xphenyl)corroles, Cu[Br 8 TpXPC] (X = CF 3 , H, CH 3 , OCH 3 ), were synthesized via direct bromination of β-unsubstituted copper triarylcorroles, Cu[TpXPC] [1] . Subsequently, the reductive demetallation method also afforded octabrominated free-base corroles, H 3 [Br 8 TpXPC] (Fig. 1 ) [2, 3] . Since then, both copper and free-base octabromocorroles have seen important applications [4] . Thus, the copper complexes have been derivatized to copper β-octakis(trifluoromethyl)-mesotriarylcorroles, Cu[(CF 3 ) 8 TpXPC], [5] and to copper undecaarylcorroles, [6] both by means of palladium coupling reactions. The octabrominated free-base corroles were used to synthesize the first gold [7, 8] corroles and also unique diboron corroles, [9] the latter differing markedly with respect to both chemical structure and conformation from β-unsubstituted diboron corroles [10] . Despite these significant advances, applications of β-octabromo-meso-triarylcorroles have languished for a variety of reasons. In this study, we have addressed some of these problems and present protocols providing greatly improved access to several of these ligands.
Tedious column-chromatographic purification, a common bane of porphyrin chemistry, is also a problem for both Cu [Br 8 TpXPC] and H 3 [Br 8 TpXPC] derivatives. A key result of this study is that, for X = CF 3 , NO 2 , F, H, CH 3 , and OCH 3 , column chromatography may be largely or entirely averted, with analytically pure products obtained simply via recrystallization. Detailed protocols are given below for Cu [Br 8 TPC] and H 3 [Br 8 TPC] (TPC = meso-triphenylcorrole).
Another difficulty in this area is that the original reductive demetallation procedure fails for certain copper β-octabromocorroles. Thus, we failed to efficiently demetallate copper tris(pentafluorophenyl) corrole, Cu [TPFPC] , and its β-octabromo derivative, Cu[Br 8 TPFPC] . Taking a cue from another early demetallation protocol by Chang and coworkers, [11] where manganese corroles were demetallated with SnCl 2 /CH 2 Cl 2 / HCl, we successfully demetallated Mn[Br 8 TPFPC] in up to 86% yield [3] . Recently, we have also reported a high-quality single-crystal X-ray structure of the free base H 3 [Br 8 TPFPC] [12] .
In the same vein, Dehaen and coworkers failed to cleanly demetallate copper β-octabromo-meso-tris(2,6-dichlorophenyl)corrole, Cu[Br 8 TDCPC], with SnCl 2 /HCl in 2:1 acetonitrile/dichloromethane, obtaining partially debrominated free-base corroles instead [13] . The same conditions did lead to demetallation of Cu[Cl 8 TDCPC], albeit in poor yield (20%) [13] . Thus, as of today, the highly desirable, sterically hindered ligand H 3 2 (py = pyridine; see Fig. 2 ). These are the first examples of iron β-octabromocorroles. The latter complex also lent itself to single-crystal X-ray structure determination, as described below. 
Synthesis and purification of Cu[Br 8 TPC]
The synthetic procedure employed is slightly modified relative to that reported earlier [1] . To Cu[TPC] (0.105 g, 0.179 mmol) dissolved in CHCl 3 (50 mL) was added dropwise a solution of 275 μL (5.34 mmol) of liquid bromine dissolved in CHCl 3 (20 mL) over a period of 30-40 min, followed by stirring for 1 h, all at room temperature. Pyridine (474 μL) dissolved in CHCl 3 (20 mL) was then added dropwise over a period of 30-40 min, followed by stirring for an additional hour. The reaction was stopped by washing the reaction mixture twice with 20% w/v sodium metabisulfite (Na 2 S 2 O 5 , 90 mL). The organic layer was dried with anhydrous sodium sulfate, filtered, and rotaryevaporated to dryness. The entire procedure was repeated 5 times.
The crude Cu[Br 8 TPC] thus obtained could be purified with column chromatography on silica gel, with eluents of gradually increasing polarity, ranging from 1:1 CH2Cl 2 /hexane through pure CH 2 Cl 2 to pure CHCl 3 . Evaporation of the brown bands resulted in a 52% yield of Cu[Br 8 TPC] . In all, the column chromatography required about 1 L of CH 2 Cl 2 and 2 L of CHCl 3 .
The time-consuming and solvent-wasting nature of the column chromatography prompted us to investigate recrystallization as an alternative method of purification. In the final, successful protocol, crude Cu[Br 8 TPC], obtained from all 5 preparations, was combined and redissolved in a minimum volume of CHCl 3 and layered with an equal volume of methanol. The precipitated Cu[Br 8 TPC] was filtered after 1-2 days, washed with methanol, and dried to give a combined yield of 0.556 g of the final product (51% relative to 0.525 g Cu[TPC], i.e. from all 5 batches). Although this product is suitable for further chemical transformations, a second recrystallization was carried out to yield 0.505 g of analytically pure product (46% relative to 0.525 g Cu[TPC]), which was characterized as previously reported [1, 15] .
Synthesis and purification of H 3 [Br 8 TPC]
Demetallation of Cu[Br 8 TPC] was carried out essentially according to the original literature procedure for reductive demetallation [2] . A 50-mL round-bottomed flask equipped with a magnetic stirrer was charged with Cu[Br 8 TPC] (63 mg, 0.052 mmol) and anhydrous FeCl 2 (31.1 mg, 0.245 mmol). Concentrated H 2 SO 4 (2 mL) was added dropwise under stirring. The solution was alternately stirred for 30 min and sonicated for 30 min for a total of 2 h. The reaction mixture was then quenched with distilled water, washed 3-4 times with saturated aqueous NaHCO 3 , and extracted with CHCl 3 . The organic phase was dried with anhydrous Na 2 SO 4 and filtered and the filtrate was rotary-evaporated to dryness.
The original method of purification involved column chromatography with 1:1 CH 2 Cl 2 /hexane as eluent [2] . This process was both tedious and required large quantities of solvent. In the new method, crude H 3 [Br 8 TPC] was dissolved in a minimum volume of CHCl 3 and layered with an equal volume of methanol. After standing for 1-2 days, the solution was filtered to yield purified H 3 [Br 8 TPC] in 53% yield (32 mg). A second recrystallization yielded the analytically pure free base (29 mg), which was characterized as previously reported [1, 15] .
2.5. Synthesis and purification of para-substituted Cu[Br 8 TpXPC] (X = CH 3 , OCH 3 , CF 3 , NO 2 and F) [1] Copper β-octabromo-meso-triarylcorroles with para-X-substituted meso aryl groups could also be effectively purified by the recrystallization method described above. The optimum CHCl 3 /methanol ratios, however, varied somewhat with X, being 1:2 for X = F and 1:3 for X = CH 3 , OCH 3 , and CF 3 . The times required for crystallization were also somewhat longer, i.e. at least 2 days, compared with Cu[Br 8 TPC] . A good strategy leading to analytically pure octabromocorrole free bases involved an initial column chromatography followed by crystallization from CHCl 3 /methanol (or CHCl 3 /hexane), as described above.
Synthesis of H 3 [Br 8 TDCPC]
Two different syntheses of H 3 [Br 8 TDCPC] are described below, with the first clearly much more successful than the second.
Demetallation of Mn[Br 8 TDCPC]
Into a 25-mL round-bottomed flask were placed Mn[Br 8 TDCPC] (20 mg, 0.014 mmol) and 10 equiv anhydrous FeCl 2 (17.9 mg, 0.14 mmol). Concentrated H 2 SO 4 (95-97%, 2.5 mL, Merck) was added. The mixture was then stirred at room temperature. The progress of the reaction was monitored by taking very small amounts of the reaction mixture into a small vial, adding distilled water, extracting with CH 2 Cl 2 , washing once with saturated aqueous NaHCO 3 , and monitoring with UV-vis spectroscopy, followed by TLC and comparing with the starting material. After 1.5 h, the reaction was quenched by carefully pouring the mixture into distilled H 2 O (300 mL), followed by extraction with CH 2 Cl 2 . The green organic phase was washed once with distilled water and then twice with saturated aqueous NaHCO 3 . The organic phase was dried with anhydrous Na 2 SO 4 and filtered and the filtrate was rotary-evaporated to dryness. The residue was chromatographed on a silica gel column with n-hexane/CH 2 Cl 2 (5:1, followed by 1:1) as eluent to afford the pure free base. Yield: 14.45 mg (75% 
Demetallation of Cu[Br 8 TDCPC]
Into a 25-mL round-bottomed flask were placed Cu[Br 8 TDCPC] (5.5 mg, 0.00386 mmol) and 5 equiv of anhydrous FeCl 2 (2.45 mg, 0.0193 mmol). Concentrated H 2 SO 4 (95-97%, 2 mL, Merck) was added. The mixture was alternately stirred and sonicated at 50°C. The progress of the reaction was monitored by UV-vis spectroscopy. After 4 h the reaction mixture was cooled down to r. t. and the reaction was quenched by pouring the mixture into 300 mL distilled H 2 O, then extracted with CH 2 Cl 2 . The green organic phase was washed once with distilled water and then twice with saturated aqueous NaHCO 3 . The organic phase was dried with anhydrous Na 2 SO 4 , filtered and rotaryevaporated to dryness. The residue obtained was chromatographed on a silica gel column first with 5:1 n-hexane/CH 2 Cl 2 to get the recovered Cu[Br 8 TDCPC], then with 2:1 n-hexane/CH 2 Cl 2 to collect 0.7 mg of the pure free-base in 14% yield.
Synthesis of Fe[Br 8 TDCPC]Cl
Iron insertion into free-base H 3 [Br 8 TDCPC] was carried out essentially according to the procedure reported by Gross and coworkers [17, 18] . Free-base H 3 [Br 8 TDCPC] (0.030 g, 0.022 mmol) and anhydrous FeCl 2 (0.056 g, 0.44 mmol, 20 equiv) were dissolved in dry DMF (25 mL) under argon. The mixture was heated to reflux and the reaction mixture was monitored by thin-layer chromatography. After the solution had been refluxed for 40 min, no more starting material was detected with thin-layer chromatography and heating was discontinued. Upon cooling to room temperature, the reaction mixture was rotary evaporated to dryness. The residue was dissolved in diethyl ether and chromatographed on a short column of silica gel with diethyl ether as eluent. After the evaporation of the diethyl ether, the product was dissolved in CH 2 Cl 2 , washed twice with 2.0 M aqueous HCl, and then twice with water. The organic phase was dried with anhydrous Na 2 SO 4 , followed by rotary evaporation of the solvent. After chromatography on a short column of silica gel with CH 2 Cl 2 as eluent, pure Fe[Br 8 
Synthesis of Fe[Br 8 TDCPC](py) 2
Iron insertion was carried out exactly as described above for Fe[Br 8 TDCPC]Cl. Thus, free-base H 3 [Br 8 TDCPC] (0.030 g, 0.022 mmol) and anhydrous FeCl 2 (0.056 g, 0.44 mmol, 20 equiv) were dissolved in dry DMF (25 mL) under argon. The reaction mixture was heated to reflux and monitored by TLC. Heating was discontinued after no more starting material could be detected by TLC, in about 40 min. After rotary evaporation of the solvent, the residue was dissolved in diethyl ether and chromatographed on a short column of silica gel with diethyl ether as eluent. The iron-corrole dietherate (characterized only by means of mass spectrometry) thus obtained was dissolved in a minimum volume of diethyl ether/n-heptane containing a few drops of pyridine. Crystallization over several hours led to Fe[Br 8 
Discussion
Our key findings may be summarized as follows. Even by the standards of porphyrin and corrole chemistry, where column chromatography is the standard method of purification, the column chromatography of many Br 8 TpXPC derivatives is unusually tedious [2] . The compounds 'tail' badly and accordingly purification demands both long times and prodigious quantities of solvent. In the new protocols outlined above, we have completely averted columnchromatographic purification for all Cu[Br 8 TpXPC] (X = CF 3 , NO 2 , F, H, CH 3 , and OCH 3 ) derivatives. Recrystallization was found to work effectively for all such complexes, saving a lot of both time and solvent. Recrystallization was also found to be valuable for the purification of the corresponding free bases Η 3 [Br 8 TpXPC].
We have presented optimized procedures for the synthesis of the new, sterically hindered free-base corrole, H 3 [Br 8 TDCPC], and for its complexation to iron. The two iron complexes reported are the first examples of iron octabromocorroles. Applications in areas such as biomimetic catalysis of atom and group transfer reactions may now be expected [19] . A few interesting physical properties of the new iron complexes are pointed out below. 2 . The Fe-N distances involving the anionic corrole nitrogens, averaging around 1.91 Å, are shorter than those involving the axial pyridines, which average around 2.02 Å. These distances are typical of low-spin Fe(III) complexes with all-nitrogen coordination and similar to those found for Fe[TDCPC](py) 2 . An interesting feature of the present structure is that the 2,6 C-H bonds on the axial pyridines act as hydrogen bond donors toward the chlorines of the 5,15-dichlorophenyl groups. As shown in Fig. 4 , the C-H...Cl hydrogen bond distances all lie in the range 3.54-3.82 Å. Despite the low energies associated with such interactions, the presence of four such interactions per molecule apparently stabilize the observed conformation, where the two axial pyridines and the 5,15-dichlorophenyl groups are all roughly coplanar.
Concluding remarks
As a result of this work, improved syntheses are now available that afford near-gram quantities of several free-base β-octabromo-mesotriarylcorroles, including H 3 [Br 8 TpXPC] (X = CF 3 , NO 2 , F, H, CH 3 , and OCH 3 ) and~100 mg of the sterically hindered ligand H 3 [Br 8 TDCPC] . To this list may be added the perhalogenated ligand H 3 [Br 8 TPFPC], which we reported in our earlier work [3] . Furthermore, we have illustrated the use of these ligands by synthesizing the first iron octabromocorroles. We look forward to seeing additional applications of these ligands in the synthesis of new reagents, catalysts, and materials with novel properties.
